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INTRODUCTION
The pomegranate (Punica granatum L.), a fruit-bearing deciduous tree belonging to the Lythraceae family, is an important and one of the oldest fruit crops of the tropical and subtropical regions of the world. Pomegranates are naturally adapted to environments with cool winters and hot summers; however, they can also be grown in the humid tropics or subtropics (Stover & Mercure 2007 , Bazargani-Gilani et al. 2014 , Farag & Emam 2016 . Iran is the second largest producer and largest exporter of pomegranate in the world.
Recently, the incidence of a physiological disorder called aril browning or aril paleness, thought to occur due to an oxidative stress, has been threatening the popularity of pomegranate fruit (Mirdehghan & Vatanparast 2013) .
Plants provide numerous and diverse niches for endophytic organisms which produce a high diversity of substances with potential medical, agricultural, and industrial applications (Costa et al. 2012 , Paul & Lee 2014 . Fungal endophytes are broad-spectrum microorganisms colonising plants without causing any visible symptom of infection (Muvea et al. 2014) . Information on endophytic fungi of pomegranate and their impacts on the biology of the host is quite limited. To date, Neofusicoccum parvum (Pennycook & Samuels) Crous, Slippers & A.J.L. Phillips, Penicillium glabrum (Wehmer) Westling, Colletotrichum spp., Phomopsis sp., Nigrospora sp. and Phyllosticta sp. have been reported as endophytes of pomegranate (Shankar Naik et al. 2008 , Huang & Wang 2011 , Hammerschmidt et al. 2012 , Mussi-Dias et al. 2012 .
During an investigation into endophytic fungi associated with pomegranates in Ferdows County, South Khorasan Province, Iran in 2015-2016, five isolates belonging to Quambalaria were obtained specifically on flowers and studied. Members of this genus are mainly differentiated by pigment production, conidial and conidiogenous cell dimensions and the production of secondary conidia (Paap et al 2008) .
All isolates from Ferdows County were assigned to Q. cyanescens based on morphological and molecular data (a combined sequence dataset of the ITS region and partial LSU rDNA).
This species was previously reported from Iran (Ershad et al. 1998 , as Sporothrix cyanescens; Kolařík et al. 2006, as Fugomyces cyanescens) , but it has remained poorly documented, with identification restricted to non-detailed morphological features of isolates associated with gall-making insects.
The present study is the first fully documented report of Q. cyanescens from a region of Iran with a semi-arid ecosystem, which provides insight into the geographic distribution and host range of Q. cyanescens.
MATERIAL AND METHODS
I s o l a t i o n o f e n d o p h y t i c f u n g i. A total of 216 flower segments were collected from pomegranate trees in hotspot areas of aril paleness disorder and from healthy, disease-free pomegranate trees in non-hotspot areas (representing 131 and 85 segments, respectively) for isolation of endophytic fungi.
Fungal strains were isolated from tissue segments of Punica granatum cv. Shishe-cap, native to Ferdows County, with a predominantly semi-arid climate. The segments were thoroughly washed under tap water and the surface sterilised by immersion in 75% ethanol for 1 min, 1% sodium hypochlorite for 3 minutes and 95% ethanol for 30 s, then rinsed three times in sterile distilled water, and finally dried on sterilised paper. The surface-sterilised flower segments were placed on potato-dextrose agar (PDA, Merck, Germany) supplemented with streptomycin sulphate (50 mg/l) and incubated at 25°C in the dark.
The relative frequency of colonisation was calculated according to Kumar & Hyde (2004) .
M o r p h o l o g i c a l o b s e r v a t i o n. Colony morphology and microscopic characteristics were determined on 1/2 PDA (Paap et al. 2008 ) at 25°C in the dark. Mycelium, conidiophores and conidia were examined from slide cultures prepared according to Riddell (1950) and mounted in water and Lacto-Cotton Blue. Photographs were taken using an Olympus DP25 digital camera installed on an Olympus BX51 light microscope. Subcultures of the strains included in this study are preserved at the Iranian Fungal Culture Collection, Iranian Research Institute of Plant Protection, Tehran. D N A e x t r a c t i o n a n d a m p l i f i c a t i o n. Total genomic DNA was extracted from single-conidial isolates grown on 2% malt extract agar (MEA) for 7 d, using the Chelex 100 chelating resin method, modified by Walsh et al. (1991) and Hirata & Takamatsu (1996) . The ITS region (ITS1-5.8S-ITS2) and the D1-D2 portion of the LSU ribosomal DNA of the representative strain were amplified with primer pairs ITS4/ITS5 and NL1/NL4, respectively (White et al. 1990 , Boekhout et al. 1995 .
PCR amplification was carried out using a MJ Mini thermal cycler (Bio-Rad, Hercules, USA). The PCR reaction (25 μl) contained 1 ng genomic DNA, 0.2 mM dNTPs, 1.6 mM MgCl 2 , 1× PCR buffer, 1.25 U of Taq DNA polymerase, and 1 μl of each primer (10 pmol) (SinaClon Co., Karaj, Iran). Both amplification reactions were performed with the following cycling parameters: 3 min at 94°C, followed by 30 cycles at 1 min at 94°C, 45 s at 54°C and 2 min at 72°C, with a final extension for 7 min at 72°C. The PCR products were purified using a PCR purification kit (Bioneer, Daejeon, Korea). Sequencing was performed in an Applied Biosystems Automated 3730 xl DNA analyzer (Applied Biosystems, Foster City, USA). P h y l o g e n e t i c a n a l y s i s. To clarify the relationships of these isolates within the genus Quambalaria, we conducted phylogenetic analyses using sequences of the ITS region (610 bp) and LSU rDNA (560 bp) individually (not shown) and combined (Fig. 1) . The sequences recovered in this study were aligned against the ex-type culture (CBS 357.73) or authentic strains of Quambalaria species from GenBank. Already published sequences of Quambalaria species together with our own sequence of Q. cyanescens were included in the phylogenetic analyses (Tab. 1).
The sequences were aligned with MAFFT (Katoh et al. 2005 ) using the Q-INS-i algorithm. Maximum likelihood (ML) analysis was carried out with RAxML, as implemented on a RAxML webserver (http://phylobench.vital-it.ch/raxml-bb/) with the gamma model of rate heterogeneity (Stamatakis et al. 2008) . Five runs with 100 bootstrap replicates using the "Maximum likelihood search" and "Estimate proportion of invariable sites" were performed. Minimum evolution (ME) analysis was generated using MEGA 6.0 (Tamura et al. 2013) , with a Tamura-Nei substitution model and 1000 bootstrap replications. The Bayesian inference algorithm was performed using MrBayes (Ronquist et al. 2012) (Fig. 1) . The combined dataset consisted of 1425 characters, of which 232 were parsimony informative (data not shown). The sequences generated in this study were deposited at GenBank (Tab. 1).
RESULTS AND DISCUSSION

Phylogeny and description
NCBI BLAST search revealed that the ITS region and D1/D2 domains of the LSU rDNA in our examined strain of Quambalaria cyanescens (IRAN 2465C) had 100% similarity to the ex-type culture of Q. cyanescens (CBS 357.73, DQ317622 Phylogenetic analysis (Fig. 1) revealed that the examined Iranian strain was clustered in a clade accommodating strains of Q. cyanescens occurring on a broad range of hosts, and grouped with ex-type cultures of Q. cyanescens with varying support of 90% bootstrap support in ME, 65% in ML, and 0.99 in Bayesian analysis.
Although Quambalaria sp. has recently been reported on almond in Iran (Baradaran Baghery et al. 2015) , this is the first documented record of Q. cyanescens from Iran to our knowledge. Description. Colonies reaching 1.5 mm diam. in 4 days at 21°C on 1/2 PDA, and 16 mm diam. in 4 days at 25°C on PDA. Colonies on 1/2 PDA farinose or velvety, often compact, white; reverse cream coloured at first, then turning to purple. Hyphae hyaline, smooth-walled, 2.5 μm wide, often with numerous yeastlike, hyaline, ovoid, ellipsoidal or cylindrical cells, 2-3 × 2 μm. Conidiogenous cells usually arising terminally, occasionally laterally, undifferentiated, cylindrical, 5-40 × 2 μm, apically with a cluster of small denticles often repeatedly proliferating and forming similar clusters. Primary conidia hyaline, one-celled, smoothwalled or finely verrucose, oblong, ellipsoidal or subcylindrical, with rounded apex and attenuated base, 4-7 × 2-4 μm, often producing one or several obovoid or narrowly cylindrical secondary conidia, 1.5 × 2.5 μm, either by budding or from short conidiogenous cells (Fig. 2) . Teleomorph absent.
The diagnostic features of isolates assigned to Q. cyanescens in this study were largely consistent with the original description provided by de Hoog & de 118 CZECH MYCOLOGY 69(2): 113-123, JULY 26, 2017 (ONLINE VERSION, ISSN 1805-1421) 
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Microstroma album RB 2072 Vries (1973) . However, secondary conidia reaching up to 25 μm long were not produced by Iranian specimens. 
Ecology and future prospects
Quambalaria cyanescens has been isolated from a broad range of ecological niches, including air, plant materials, soil and insects from several countries in North Africa, North America, South Asia, Australia, Europe and the Middle East (de Hoog & de Vries 1973 , Kolařík et al. 2006 , Abdel-Sater et al. 2016 pova et al. 2014) . This fungal species, as a potential opportunistic pathogen in immunocompromised or debilitated patients, has also been isolated from blood, human skin and hospital-acquired infections in individuals with pneumonia, peritoneal inflammation and invasive pulmonary infection (Jackson et al. 1990 , Tambini et al. 1996 , Fan et al. 2014 , Kuan et al. 2015 . Quambalaria cyanescens has further been reported as a symbiont of plants. Recently, few studies have reported broad-spectrum antimicrobial activity for Q. cyanescens, including antibacterial and antifungal activities (Kuan et al. 2015 , Stodůlková et al. 2015 .
There are many examples of endophytic occurrence of fungi previously known as saprophytes (Hosoya et al. 2014) . Endophytic fungi can confer stress tolerance to host species in different environmental stresses (Bezerra et al. 2013) . However, little is known about occurrence of fungal endophytes in semiarid ecosystems (Porras-Alfaro et al. 2011).
We found that the colonisation rate of Q. cyanescens isolates was 5.88% in all flowers of healthy pomegranates, which showed the highest colonising frequency among endophytic fungi from this habitat. However, 11 segments had been collected from mountainous regions, which have a different climate than the hotspot areas of aril paleness disorder. Excluding these, the colonisation rate is 6.76% for non-hotspot areas of disorder with similar topology to hotspot areas.
Interestingly, this fungus could not be isolated from the other parts of the host. It was found specifically on flowers of pomegranate located in non-hotspot areas of aril paleness disorder. The isolation of Q. cyanescens as an endophyte from healthy pomegranate plants only suggests that this endophytic fungus may help host plants to better resist the disease or can confer stress tolerance to host species under environmental stress.
The finding that disease-free pomegranate trees are hosted by Q. cyanescens opens the way to investigate the epidemiological occurrence of aril paleness disorder compared to healthy trees. Based on this data, endophytic Q. cyanescens can be considered a source for epidemiological modelling and prediction of this physiological plant disorder.
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